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Abstract

Objective: The purpose of this study was to identify the risk factors of cognitive impairment in pediatric epilepsy patients with
focal cortical dysplasia (FCD).

Methods. 77 patients with histopathologically confirmed FCD were studied. The statistical relationship between cognition levels
and clinical factors at presurgical evaluation was analyzed. Cognitive function was evaluated by development quotient or intelli-
gence quotient (DQ-IQ).

Results: Ages at seizure onset were younger than 15 years (mean 4+ SD; 5.0 £ 4.2 years). Mean disease duration was 14.5 + 8.5
years. Mean age at pre-surgical DQ-IQ evaluation was 34.8 4+ 10.7 years. Mean DQ-IQ was 60.5 & 20.5, and 41 of 77 (53.2%)
patients had mental retardation (DQ-IQ < 70). Younger seizure onset and seizure clustering were significantly associated with lower
DQ-IQ (p <0.001). A multiple regression study identified higher seizure frequency pattern, a history of epileptic spasm and status
epilepticus as aggravating factors of DQ-IQ decline (R? = 0.63, p < 0.001). On the other hand, the risk was decreased in patients
with habitual focal aware seizure and transient seizure-free periods up to 6 months in the course of epilepsy. FCD location
(FCD site, extent of radiological lesion and laterality) and histopathology of FCD did not affect DQ-IQ.

Conclusions: Our study suggests that seizure characteristics including higher seizure frequency pattern, a history of epileptic
spasm, status epilepticus, seizure clustering and early onset of seizure are risk factors of cognitive impairment in FCD patients.
© 2018 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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1. Introduction [1,2]. Epileptic seizures in patients with cortical dys-
plasia tend to be drug-resistant, resulting in concomitant

Pediatric patients with uncontrolled epilepsy have cognitive impairment (epileptic encephalopathy) [3-5].
been reported to be at risk of intellectual disability In cortical dysplasia, factors affecting cognitive function

include early onset of seizure [6,7], prolonged-disease

—_— duration [3,8], large lesions [9] and histopathology of
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and transient seizure-free periods may be seen in the
course of epilepsy. Even if seizures occur early during
the course of epilepsy or the disease duration is pro-
longed, patients with low seizure frequency are typically
not likely to develop cognitive impairment. Therefore, it
is necessary to investigate the influence of seizure fre-
quency on cognitive function in detail. In epilepsy
patients, seizure type [11,12] and status epilepticus
[13,14] also affect cognitive levels. However, there are
few reports on the effect of seizure characteristics includ-
ing seizure frequency with fluctuation, seizure type and
status epilepticus on cognitive function in patients with
a diagnosis of focal cortical dysplasia (FCD) confirmed
by histological examination after epilepsy surgery.

We studied patients with FCD, which is the most
common cause of medically refractory epilepsy, and
analyzed mainly seizure characteristics as risk factors of

cognitive impairment.

2. Material and methods
2.1. Inclusion of patients

We retrospectively evaluated the medical records of
813 patients who underwent epilepsy surgery at the
National Epilepsy Center between 1985 and 2008, and
included 77 patients with a diagnosis of FCD confirmed
by histopathology (Table 1).

Histopathological findings in FCD were classified
according to Palmini’s classification [15].

Table 1
Clinical manifestation of 77 patients with focal cortical dysplasia.

No. of patients %

(Total no. =
77)
Gender
Boys or men 46 59.7
Girls or women 31 40.3
Febrile seizure 16 20.8
Age at seizure onset (years)
0 12 15.6
1-2 16 20.8
34 17 22.0
5-9 21 27.3
15> 11 14.3
Disease duration until surgery (years)
<2 1 1.3
2-4 10 13.0
5-9 17 22.0
10-19 27 35.1
>20 22 28.6
Age at pre-surgical cognitive evaluation (years)
<5 9 11.7
5-15 17 22.0
16-24 25 325

>25 26 33.8

Distribution of DQ-IQ levels

<34
3549
50-69
70-79
>80

Pattern of seizure frequency”

>5 daily - daily
Daily-weekly

Daily-weekly (with transient seizure-free)

Weekly-monthly
Habitual seizure types

Focal impaired awareness seizure
Focal impaired awareness seizure +

generalized
Tonic clonic seizure
Focal aware seizure
Epileptc spasm”
Status epilepticus
Seizure clustering
MRI positive
FCD site
Frontal lobe
Temporal lobe
Parietal lobe
Occipital lobe
Multilobe
Frontotemporal
Temporooccipital

Temporoparietoccipital

Laterality of FCD
Left
Right

Histopathology of FCD (Palimi’s classification)

1A
1B
ITA
1IB

AEDs exposed until surgery

Carbamazepine
Phenytoin
Phenobarbital
Clobazam
Valproate
Zonisamide
Clorazepate
Clonazepam
Nitrazepam
Primidone
Acetazolamide
Sulthiame

Number of AEDs around surgery

1 AED
2 AEDs
3 AEDs
4 AEDs
5 AEDs

Abbreviations:

FCD = focal cortical dysphasia
AED = antiepileptic drug

25
14
22

26
19
23

46
23

10
53
70

52
10

oA = 9

41

23
45

53
53
33
18
13

34
29

10.4
10.4
325
18.2
28.5

11.7
33.8
24.7
29.9

59.7
29.9

5.2
52
13.0
68.8
90.9

67.5
13.0
1.3
9.1
9.1
14.2
57.1
28.6

46.8
53.2

1.3

10.4
29.9
58.4

68.8
68.8
42.9
23.4
16.9
9.1
6.5
1.3
1.3
1.3
1.3
1.3

11.7
44.2
37.6
5.2
1.3

* Refer to Fig. 1.

Transient seizure-free: seizure-free periods longer than six months.

“** Epileptic spasm: patients with a history of epileptic spasms.
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2.2. Factors for evaluation

We investigated the relationship between the develop-
mental quotient or intelligence quotient (DQ-IQ) and
clinical factors affecting DQ-IQ to reveal risk factors
of cognitive dysfunction. DQ-IQ was evaluated just
before surgery. As possible risk factors, we selected sei-
zure characteristics including seizure frequency, seizure
type, status epilepticus and seizure clustering, age at sei-
zure onset, duration of epileptic seizures, location of
FCD (FCD site, extent of radiological lesion and later-
ality) and histopathology of FCD.

2.3. Definitions and classification of groups for evaluation

2.3.1. Seizure frequency

Seizure frequency of ““>5 daily” was defined as five or
more times a day, “daily” as one to four times a day,
“weekly” as one to six times a week, and “monthly”
as one to three times a month. Transient seizure-free
period was defined as seizure control for more than six
months.

Group classification by evolution of seizure fre-
quency are shown in Fig. 1. Very high frequency pattern
was defined as seizure frequencies fluctuating between
>5 daily and daily for over two years. High frequency
pattern was defined as seizure frequencies fluctuating
between daily to weekly. Moderate frequency pattern
was defined as seizure frequencies fluctuating between
daily and weekly with transient seizure-free period.
Low frequency pattern was defined as seizure frequen-
cies fluctuating between weekly and monthly.

2.3.2. Habitual seizure types

Patients were classified by habitual seizure type
(Table 1) into a group with only focal impaired aware-
ness seizure (FIAS) (FAIS group), a group with general-
ized tonic clonic seizure (GTCS) in addition to FAIS
(FAIS + GTCS group), a group with focal aware sei-

1. Very high frequency pattern =
(>5 daily - daily seizures;

n=9)

2. High frequency pattern
(daily - weekly seizures;
n=26)

3. Moderate frequency pattern *

. . . * * *
(daily - weekly seizures with
transient seizure-free periods o - -
> 6months; n = 19)
4. Low frequency pattern _‘
(weekly - monthly seizures .
in=23)

Epilepsy course

Fig. 1. Group classification by evolution of seizure frequency. *1:
Seizure clustering. ** Transient seizure-free periods >6 months.

zure (FAS) (FAS group), and a group with a history
of epileptic spasm (ES group).

Epileptic spasms are defined by clinical manifestation
of sudden flexion of extremities in clusters, in dependent
of interictal epileptiform discharges corresponding to
FCD site.

2.3.3. Status epilepticus and seizure clustering

Patients who had at least one seizure lasting more
than thirty minutes in their seizure history were classi-
fied in the status epilepticus group. Patients who had
at least one seizure clustering episode with three or more
seizures in an hour in their seizure history were classified
in the seizure clustering group.

2.4. Pre-surgical evaluation

All patients underwent pre-surgical evaluations
including surface electroencephalography (EEG)-video
monitoring, brain magnetic resonance imaging, com-
puted tomography, and single-photon emission com-
puted tomography.

Cognitive function was assessed by neuropsycholo-
gists to assess DQ-IQ before surgical intervention. The
psychological tests were selected according to the devel-
opmental level and chronological age of patients. Seven
patients were assessed with the Mother-Child-
Counseling baby test [16], 13 patients with the
Tanaka-Binet scale of intelligence [17], five patients with
the Wechsler intelligence Scale for Children Revised, six
patients with the Wechsler intelligence Scale for Chil-
dren third edition, 44 patients with the Wechsler Adult
Intelligence Scale Revised and two patients with the
Wechsler Adult Intelligence Scale third edition. Cogni-
tive dysfunction was classified by DQ-IQ level as fol-
lows: severe; <35, moderate; 35-49, mild; 50-69,
borderline; 70-79, and normal; >80.

2.5. Statistics

Data were analyzed using SPSS version 23.0 (SPSS
Inc, Chicago, IL, USA). Graphs were generated by
SPSS or GraphPad Prism 5 (GraphPad Software Inc.,
San Diego, CA, USA). Shapiro-Wilk test was used to
test whether data were normally distributed. Welch’s
test was used to analyze variables that had normal distri-
bution, while Mann-Whitney test was used to analyze
variables that were not normal distributed.

Correlation was evaluated by regression analysis.
Multivariate analysis was conducted by stepwise multi-
ple regression analysis. Fisher’s exact test or chi-square
test was used to evaluate clinical manifestation or cogni-
tive levels. A p value <0.05 was regarded as statistically
significant. Group data are presented as mean + stan
dard deviation unless otherwise stated.



80 N. Kimura et al. | Brain & Development 41 (2019) 77-84

3. Results

3.1. Clinical manifestations of patients at pre-surgical
evaluation

The clinical profiles of the 77 patients are shown in
Table 1. The age at seizure onset was 5.0 4.2 years
(mean + SD) (range: 14 days — 14 years) and all patients
had childhood seizure onset. Mean disease duration
until surgery was 14.5 £ 8.5 years (range: 7 months —
33 years). All but one patients had epilepsy for more
than two years, and 66 patients (85.7%) had epilepsy
for five years or longer. The age at evaluation of mean
DQ-IQ just before surgery was 34.8 + 10.7 years (range:
18 months — 36 years). The mean DQ-IQ was 60.5 + 20.
5 (range: 8-105) and 41 of 77 (53.2%) patients had men-
tal retardation (DQ-IQ < 70).

3.2. Classification by seizure frequency pattern and DQ-
10

DQ-IQ (mean + SD) was 29.9 + 15.9 in patients with
the very high frequency pattern, 59.7 + 16.7 with high
frequency pattern, 74.2 4+ 12.8 with moderate frequency
pattern and 79.0 £9.9 with low frequency pattern
(Fig. 2). Mean DQ-IQ was significantly lower in patients
with the very high frequency pattern than in those with
high, moderate, and low frequency patterns (Welch test,
p <0.0001). Mean DQ-IQ was significantly lower in
patients with high frequency pattern than in those with
moderate (Welch test, p = 0.003) and low frequency pat-
terns (Welch test, p <0.0001). Even when seizure fre-
quency was the same, patients with transient seizure-
free period had less mental retardation.

*
r * 1
r 1
100 . ‘ .
a0 SO
o .3:'. .‘.'.
T e . .
g . .
40 .
20 EE

0
Very high High
(Mean + SD) 29.9 + 15.9 59.7 + 16.7 74.2+ 12.8 79.0+ 9.9

Moderate Low

Fig. 2. Pattern of seizure frequency and DQ-IQ. Very high: seizure
frequencies fluctuating between >5 daily and daily. High: seizure
frequencies fluctuating between daily to weekly. Moderate: seizure
frequencies fluctuating between daily and weekly with transient
seizure-free period. Low: seizure frequencies fluctuating between
weekly and monthly. * p <0.001, ** P =0.003, Welch test.

3.3. Classification by seizure type and DQ-IQ

Mean DQ-IQ was significantly lower in patients with
a history of epileptic spasm than in those with FIAS
(Welch test, p<0.001), FIAS + GTCS (p <0.001), or
FAS (p = 0.001) (Fig. 3). Mean DQ-IQ in patients with
FAS tended to be higher compared to patients with
FIAS (p = 0.051) and was significantly higher compared
to those with GTCS and FIAS (p = 0.035) in the course
of epilepsy.

3.4. Classification by status epilepticus or seizure
clustering and DQ-1Q

Mean DQ-IQ was significantly lower in patients with
status epilepticus than in those without status epilepticus
(Mann-Whitney test, p = 0.004) (Fig. 4-1). Mean DQ-
1Q was significantly lower in patients with seizure clus-
tering than in those without seizure clustering (Welch
test, p = 0.001) (Fig. 4-2).

3.5. Age at seizure onset and DQ-1Q

In regression analysis, DQ-IQ in patients with
younger seizure onset was lower compared to patients
with older onset (regression analysis, R> =0.379, p <
0.001) (Fig. 5).

3.6. Disease duration and DQ-1Q

There was no relation between disease duration and
DQ-IQ in all patients. However we next analyzed the
evolution of DQ-IQ over time after seizure onset by
stratifying the patients by age of seizure onset, assuming
that all patients did not have development delay at birth
(Fig. 6). In all three subgroups with onset age <1 year,

100 : .
80 ......::..... .Eo —=
o = ==
4 0 %e <,
g K .
(a] L o
40 b

20 °

FIAS GTCS+FIAS FAS ES
(Mean + SD) 67.3+ 18.7 65.2+18.4 86.3+ 6.0 25.8+12.0

Fig. 3. Habitual seizure type and DQ-IQ. FIAS: focal impaired
awareness seizure. GTCS: generalized tonic seizure. FAS: focal aware
seizure. ES: epileptic spasm. * p <0.001, ** p =0.001, *** p =0.035,
**#% p =0.051, Welch test.
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(4-1) SE: status epilepticus

*
100 ]
80 . ....;.;.:.,....
g . —h—
+ 60 N
2 |~ :
40
20
with SE without SE
(Mean + SD) 47.5+ 20.2 68.2+19.3

(4-2) cluster: seizure clustering.

*
1
100 '
80 =g
g
8- 60 s
40
20
with clustering  without clustering
(Mean+SD)  61.3+21.8 74.9 £ 13.6

Fig. 4. Status epilepticus or seizure clustering and DQ-IQ. (4-1) SE: status epilepticus. * p =0.004, Mann-Whitney test. (4-2) cluster: seizure

clustering. * p = 0.001, Welch test.

100-| °

DQ-IQ

20

0 T | | I T T
0 2.5 5.0 75 100 125 150

Age at seizure onset (years)
Fig. 5. Relations between age at seizure onset and DQ-IQ. A

regression curve was applied to the data using SPSS, Regression
analysis: R? = 0.379, p < 0.001.

0 5 10 15 20 25 30 35 40
Disease duration (years)

Fig. 6. Disease duration and DQ-IQ. Solid line (regression line) and
stars denote patients with infantile onset of seizure; regression analysis:
Y =2.5 X +80.4, R?=10.281, p = 0.007. Dashed line (regression line)
and square denote patients with seizure onset at 1-3 years of age;
regression analysis, Y = —1.6 X +91.1, R = 0.451, p <0.0001. Dot-
ted line (regression line) and circles denote patients with seizure onset
at 3 years of age or older; regression analysis: Y = —1.2 X + 96.9, R?
=10.543, p <0.0001.

1-3 years and >3 years, there was a significant relation-
ship between disease duration and DQ-IQ, and patients
with earlier seizure onset showed faster decline of

DQ-1Q.

3.7. Location of FCD, extent of radiological lesion,
histopathology and DQ-1Q

Mean DQ-IQ was 66.6 + 17.8 in patients with FCD
in the frontal lobe, 71.9 + 10.5 in the temporal lobe,
87.0 in the parietal lobe, 66.7 + 24.3 in the occipital lobe
and 44.0 + 34.1 in multiple lobes with extensive radio-
logical lesions. There were no significant differences in
DQ-IQ among various locations and among different
degrees of radiological FCD. Mean DQ-IQ in patients
with FCD in multiple lobes tended to be lower than that
in temporal lobe (p = 0.075). Mean DQ-IQ also did not
differ between patients with FCD in the left hemisphere
and those in the right hemisphere (67.3 & 18.8 vs. 64.0
4 22.2). Mean DQ-IQ was 61.6 4 22.3 in patients with
FCD type IB, 65.3 +18.9 in type IIA and 66.6 &+ 21.5
in type IIB. There was no significant difference in DQ-
1Q among the three types of FCD.

4. Risk factors of mental retardation in multiple
regression analysis

A stepwise multiple regression analysis was con-
ducted to estimate the clinical factors that affect pre-
surgical DQ-IQ. High seizure frequency pattern, a his-
tory of epileptic spasm and presence of status epilepticus
were significant risk factors of DQ-IQ decline, while
FAS decreased the risk [F (4, 72) = 30.88, R? = 0.63,
p <0.001] (Table 2). Higher seizure frequency pattern
was the most important factor affecting DQ-1Q. The
linear regression equation is as follows: DQ-IQ =
38.28 + (10.97 x pattern of seizure frequency) — (23.5
0 x epileptic spasm) + (15.07 x FAS) — (17.10 x status
epilepticus).

5. Discussion
We investigated the factors related to cognitive func-

tion in childhood onset FCD patients. Aggravating fac-
tors for DQ-IQ were early onset of seizures, higher
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Table 2

Multiple regression analysis for clinical factors affecting DQ-IQ at presurgical evaluation.

Unstandardized Standardized Significance 95% Confidence interval
Coefficients Coefficients Lower bound Upper bound

(Constant) 38.28 28.56 48.00

Seizure frequency pattern 10.97 <0.001 7.80 14.14

(1: Very high, 2: high, 3: moderate, 4: low)

A history of epileptic spasm -23.50 —0.26 0.002 —37.95 -9.04

Focal aware seizure 15.07 0.026 1.90 28.24

Status epilepticus -17.10 —0.28 <0.001 —25.95 —8.26

F (4, 72) = 30.88, R2 =0.63, p < 0.001.

seizure frequency pattern, a history of epileptic spasm
and presence of status epilepticus. On the other hand,
habitual FAS and seizure-free period up to 6 months
in the course of epilepsy seem to decrease the risk of cog-
nitive impairment.

5.1. Seizure frequency on DQ-IQ.

Clinical findings of patients stratified by DQ-IQ level
are shown in Table 3. The largest proportion of patients
with very high seizure pattern had DQ-1Q < 35 (p <0.05
versus DQ-1Q 35-49 and versus DQ-IQ > 50 groups).
Conversely, the majority of patients with low seizure fre-
quency pattern had DQ-IQ > 80 (p <0.05 versus DQ-
1Q <70 groups). Therefore, seizure frequency pattern
was important factors affecting cognitive development.
The frequency of FCD patients with transient seizure-
free period has been reported to be 16.7% [18] and was

24.7% in our study. Frequent or continuous seizures
may lead to inadequate recovery from dendritic injury,
resulting in retardation [19,20]. These data suggest that
transient seizure control by antiepileptic drugs may ame-
liorate mental retardation.

5.2. Habitual seizure type and DQ-1Q

In our study, epileptic spasms were found in four of
77 patients (5.2%). These four patients showed profound
cognitive impairment (DQ-IQ 14-38), and had DQ-1Q
<35 (p<0.05) (Table 3). Some studies found epileptic
spasm in 17.5-21.6% of FCD patients [4,18] and those
patients had severe to moderate mental retardation
[3,21]. On the other hand, four patients with habitual
FAS in our study had normal DQ-IQ levels (Fig. 3).
Several studies showed that in temporal lobe epilepsy,
seizure activity during FAS was confined to ipsilateral

Table 3

Number of patients in each category of DQ-IQ levels.

DQ-IQ levels <35 35-49 50-69 70-79 >80
Seizure frequency pattern

1. Very high (%) 6 (75.0)* 2 (25.0) 1 (4.0 0 0

2. High (%) 2 (25.0) 6 (75.0) 13 (52.0) 2(14.2) 3 (13.6)

3. Moderate (%) 0 0 7 (28.0) 4 (28.6) 8 (36.4)

4. Low (%) 0 0 4 (16.0) 8 (57.0) 11 (50.0)°
Seizure type

1. Epileptic spasm (%) 3(37.5)° 1 (12.5) 0 0 0

2. Focal aware seizure (%) 0 0 0 0 4(18.2)
Status epilepticus (%) 3(37.5) 3(37.5) 3 (12.0) 1(7.1) 0
Seizure clustering (%) 8 (100) 7 (87.5) 18 (72.0) 7 (50.0) 8 (36.4)
Age at seizure onset, range 0.36 +0.41° 2.5+2.8(0.33-14) 5.34+5.1(0-14) 6.0 2.7 (0.33-14) 6.5+ 6.8 (0.83-14)
(years) (0-1.2)

Infantile onset (%) 74(87.5) 1(12.5) 3 (12.0) 1(7.1) 1(4.5)
Disease duration, range 10.0 £ 9.8 14.1 +£10.5 16.6 + 5.1 12.8 £2.7 15.0 £ 6.8
(years) (2.4-30.9) (3.2-29.9) (0.58-31.0) (0.33-27.0) (0.83-33.0)
No. of patients 8 8 25 14 22

a) Among patients with very high seizure frequency, significantly higher percentage was in DQ-IQ < 35 group than in DQ-IQ 35-49 group (Fisher’s
exact test, p = 0.066) or DQ-IQ > 50 groups (p < 0.0001). b) Among patients with epileptic spasm, significantly higher percentage was in DQ-1Q < 35
group than in the other groups (Fisher’s exact test, p < 0.05). c) Age at seizure onset was significantly younger in DQ-IQ < 35 group than in the other
groups (Mann-Whitney test, p <0.01). d) Among patients with infantile onset of seizure, significantly higher percentage was in DQ-1Q < 35 group
(Fisher’s exact test, p < 0.05). ¢) Among patients with low seizure frequency, significantly higher percentage was in DQ-IQ > 80 group than in DQ-

IQ <70 groups (Fisher’s exact test, p < 0.05).



N. Kimura et al. | Brain & Development 41 (2019) 77-84 83

temporal lobe, but seizure activity during FIAS spread
to bilateral frontoparietal neocortices and midline sub-
cortical structures thereby disrupting neocortical func-
tion [22,23]. Therefore, FAS may result in much less
brain damage than FIAS.

Status epilepticus was reported to be present in 7.5 to
15.8% of patients with FCD [4,18] and was found in ten
patients (13.0%) in our study. Status epilepticus causes
brain and hippocampus damage [13,14,24]. Brief sei-
zures lasting <5 min triggered neuronal damage that
recovered completely, but severe seizures such as status
epilepticus and clusters induced persistent dendritic
injury in animal models [25].

5.3. Age at onset and DQ-1Q

In our study, the majority of patients with infantile
onset of seizure had DQ-IQ <35 (p <0.05) (Table 3),
consistent with some previous reports [3,5]. FCD
patients with infantile onset of seizure may have highly
frequent seizures resulting in severe cognitive impair-
ment. Patients with infantile onset of seizure should be
evaluated for indication of surgical intervention [26,27].

5.4. Disease duration and DQ-1Q

Disease duration has been reported to be associated
with cognitive deficits [3,8]. In this study, there was no
relation between disease duration and DQ-IQ in all
patients. The reason is that the majority of the subjects
had prolonged seizure duration (over 10 years in 67.3%)
and very few had short seizure duration (<2 years in
only 1 patient). This may have biased the analysis.
Therefore, this finding has to be interpreted with cau-
tion. Moreover, when patients were stratified by age of
onset, simulated evolution of DQ-IQ after onset of sei-
zures showed that earlier seizure onset and prolonged
disease duration contributed to the deterioration of
DQ-IQ (Fig. 6). These results suggest that patients with
prolonged disease duration and early onset of seizure
tend to develop cognitive impairment.

5.5. Location of FCD, extent of radiological lesion,
histopathology and DQ-1Q

In the present study, FCD site and laterality were not
associated with DQ-IQ before surgery. In epilepsy
patients, development of cognitive deficits is not associ-
ated with localized disruption at the site of epileptic foci,
but is related to disruption of whole brain networks
[28,29]. Previous studies have shown that patients with
large lesions involving more than one lobe were more
likely to have cognitive impairment [4,9] than patient
with lesions involving only the frontal or temporal lobe
[6], but we observed no decrease in DQ-IQ in patients
with FCD involving multiple lobes. In previous studies,

patients with FCD type I were more likely to manifest
mental retardation than patients with FCD type 11
[4,5]. Our study showed no association between
histopathology of FCD and cognitive deficits. This
may be related to the small number of patients with
FCD type I in our study.

5.6. Limitation

Since this study had a retrospective design, the same
neuropsychological tests were not used in all subjects
with a wide age range. Thus study was conducted in
the tertiary epilepsy center, resulting in possible biased
results by relatively longer latency from the onset to epi-
lepsy surgery. Furthermore, we cannot exclude the pos-
sibility that antiepileptic drugs had adverse effects on
cognitive development.

6. Conclusions

Our study suggests that seizure characteristics includ-
ing higher seizure frequency pattern, a history of epilep-
tic spasm, status epilepticus, seizure clustering and early
onset of seizure are risk factors of cognitive impairment
in FCD patients.
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